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(54) Double buffer base gate array cell. 

(57) A base cell for a CMOS gate array is dis- 
closed, which utilizes cutoff transistor isolation. 
The disdosed cell implements the cutoff tran- 
sistor isolation by way of separate outer elec- 
trodes for the p-channel and n-channel sides, 
so that p-type and n-type diffused regions are 
disposed at the edges of the cell to be shared 
with adjacent cells. The disclosed cell further 
includes a pair of inner electrodes which extend 
over both the n-type and p-type active regions. 
This construction enables the use of cutoff 
isolation techniques, but also provides the abili- 
ty to implement transmission gate style latches 
via the common complementary gate inner 
electrodes. Greater efficiency of silicon area, 
improved utilization, and reduced input loading 
and active power dissipation result from an 
integrated circuit incorporate the disclosed 
cells. 
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This invention is in the field of integrated circuits, 
and is more specifically directed to integrated circuits 
of the gate array type. 

In the field of electronic systems, the use of gate 
arrays to implement digital functions has become 
widespread in recent years. As is well known in the 
art, a gate array is an integrated circuit fabricated as 
a regular arrangement of transistors, which can be in- 
terconnected according to the desired digital func- 
tion. The transistors are conventionally grouped into 
"base cells", rather than as individual transistors, with 
ach base cell comprising a sufficient number of tran- 
sistors to implement an elemental logic function (i.e., 
a "gate"). Abase cell (often also referred to as a "basic 
cell", "basic block", or "functional block") corresponds 
to a step-and-repeat silicon structure, from which a 
circuit function is realized by the routing of overlying 
metal or other conductive elements. 

The use of gate arrays allows for the rapid pro- 
duction of customized digital circuits. This results 
from the fabrication of integrated circuit wafers with 
the transistors in the base celis defined by lower level 
physical elements, but with the actual digital circuit 
function not defined until later stages in the manufac- 
turing process. In the case of MOS gate arrays, the 
base cell transistors are defined by source and drain 
diffusions and first level polysilicon gate electrodes. 
Upper level metal interconnections are then defined 
to interconnect the transistor elements according to 
the desired circuit function. This process allows the 
customized arrangement of the gates, or cells, to be 
implemented at the latest stages in the manufacturing 
process, reducing the design-to-manufacture time of 
the digital circuit. Custom integrated circuits may thus 
be produced at very short cycle times, and with a 
minimum number of custom photomasks. 

The cost of gate array implementations, as is the 
case with other integrated circuits, depends upon the 
amount of semiconductor area used to implement the 
function, and also upon the complexity of the manu- 
facturing process. Accordingly, the ability to utilize a 
high percentage of the base cells in a circuit results 
in a low cost implementation of the function, as high 
utilization enables the realization of a complex digital 
function in relatively little semiconductor area. Multi- 
ple levels of interconnection may be used to increase 
the cell utilization by allowing metal conductors to 
cross-over one another, but the manufacturing cost 
increases dramatically as additional interconnection 
layers are introduced. The gate array designer is 
therefore often faced with a tradeoff between the util- 
ization rate of the available celts and the number of 
interconnection levels to be used. 

Another concern for the gate array designer is to 
provide isolation between cells or transistors within 
the gate array, as such isolation is of course neces- 
sary to ensure proper circuit function. As in the case 
with any integrated circuit of the MOS type, isolation 
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may be implemented by transistors biased into an off 
condition, by physical barriers such as oxide struc- 
tures, r by a combination of the two (the well-known 
field oxide transistors). Selection of the isolation 

s technique and its interaction with the elements of the 
base cell are significant factors that affect the effi- 
ciency of the gate array. 

Other design rules, such as the minimum chan- 
nel length and width of the transistors to provide the 

10 specified drive capability in combination with the 
process technology used, and such as the spacing re- 
quirements between elements of the same or differ- 
ent levels, must also be considered in the design of 
the gate array base cell. 

is Referring now to Figures 1a and 1b, a first con- 

ventional gate array base cell will be described for 
purposes of background. Cell 2 of Figures 1a and 1b 
is implemented according to the cutoff transistor iso- 
lation type, as will be apparent from the description 

20 below, and according to complementary metal-oxide- 
semiconductor (CMOS) technology. Conventional 
cell 2 in this example includes a p-channel transistor 
and an n-channel transistor, and as such the elemen- 
tal gate implemented by cell 2 is a CMOS inverter. 

25 Referring to Figure la, each cell 2 includes poly- 

silicon electrode 10 and polysilicon electrode 12, 
each of which have enlarged pad regions at their ter- 
minal ends which overlie field oxide 4. The p-channel 
transistor in ceil 2 is implemented by polysilicon elec- 

30 trade 10 which is disposed between (and overlies) re- 
type diffused regions 6 in the conventional manner 
for PMOS transistors, such that the p-type diffused 
region 6 on either side of electrode 10 serve as the 
source and drain regions for the p-channel transistor 

35 with electrode 10 serving as the gate for the transis- 
tor. Similarly, electrode 12 in cell 2 is disposed be- 
tween and above n-type diffused regions 8, so that 
n-type diffused regions 8 may serve as source and 
drain, and electrode 12 as the gate, of an NMOS tran- 

40 sistor. It is preferred that p-type diffused regions 6 
and n-type diffused regions 8 are formed as diffu- 
sions performed after electrodes 10, 12 are in place, 
so that the transistors defined thereby are according 
to the well-known self-atigned configuration. Depend- 

45 ing upon the particular conventional process used for 
fabrication, one or both of p-type diffused regions 6 
or n-type diffused regions 8 may be formed in a well; 
in this example, p-type diffused regions 6 are formed 
in an n-type well, the boundary of which is illustrated 

so in Figure 1 by boundary WB. P-type diffused regions 
6 are separated from n-type diffused regions 8 by 
field oxid 4 therebetween. 

Disposed outside of field oxid 4 at the top and 
bottom of cell 2 (in the view of Figure 1a) are diffused 

55 regions 7n and 7p, respectively. N-type d iff us d re- 
gion 7n is formed in the n-well within which p-type dif- 
fused regions 6 are formed, and as such provides a 
location at which the bias of the n-well may be fixed 

2 
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(e.g., to V dd ); similarly, p-type diffused region 7p is 
formed into the p-type material within which n-typ 
diffused regions 8 are formed, and thus provides a lo- 
cation for back-biasing the NMOS transistors in cells 
2. In this conventional configuration, the row of cells 
above cells 2 of Figure 1a have their PMOS transis- 
tors on the bottom, so that the diffused region 7n is 
shared between immediately adjacent cells 2 in the 
v rtical direction of Figure 1a. Similar reversal of the 
NMOS and PMOS transistors in the row of cells below 
cells 2 of Figure la allow for sharing of n-type diffused 
region 7p therebetween. 

The isolation technique used in the conventional 
example of Figures 1a and 1 b is the cutoff transistor 
type, in which an adjacent transistor to that for which 
the function is desired is forced into its "off 1 state, pre- 
venting conduction from the transistors used to per- 
form the digital logic function. Referring to Figure 1b, 
cell 2 is illustrated after formation of overlying metal- 
lization used to implement the cutoff isolation; of 
course, other metallization (not shown in Figure 1b) 
will also be used to implement the desired function of 
cell 2. In Figure 1 b, metal line 14 is connected to a V dd 
power supply, and is connected byway of silicon con- 
tacts both to p-type diffused region 6' and to elec- 
trode 10'. As such, the transistor defined by electrode 
10' is necessarily held in the "off state, given that all 
voltages in the circuit are between ground and V dd . 
Accordingly, p-type diffused region 6" in cell 2 is iso- 
lated from p-type diffused region 6', such that p-type 
diffused region 6" may be driven to any voltage be- 
tween V dd and ground without significant leakage to 
p-type diffused region 6\ 

An alternative connection is illustrated relative to 
the n-channel transistor in Figure 1b, as metal line 16 
is connected to ground and by way of contact vias to 
n-type diffused region 8'; electrode 12' does not re- 
ceive the ground bias in this case. As a result of metal 
lines 16, the transistor defined by electrode 12' may 
operate in combination with the n-channel transistor 
defined in cell 2, with a source region biased to 
ground. 

The geometry of cell 2 in the example of Figures 
1a and 1b is selected to provide the desired transistor 
drive characteristics and to accommodate a desired 
number of interconnection "tracks" in which metalliza- 
tion lines may be placed. Considering the difference 
in carrier mobilities, in this example the p-channel 
transistor width (i.e., the length of electrodes 10) is 
wider than that of the n-channel transistors (i.e., the 
length of electrodes 12). In this example, cell 2 pro- 
vides eight en metallization tracks running horizon- 
tally, with one horizonal track across each of the four 
rows of pads connected to electrodes 10 and 12, five 
tracks across the n-channel transistor area (electro- 
des 12), seven tracks across the p-chann I transistor 
area (electrodes 10), one track over field oxide 4 be- 
tween electrodes 10 and 12 (i. overlying well 
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boundary WB in Figure 1a), and one track for power 
distribution extending b tween rows of cells 2. 

The number of interconnection tracks is selected 
based on the necessary number of tracks for imple- 

5 mentation of conventional building-block gates, such 
as NAND, NOR, and D-typeflip-flops(DFFs), that are 
expected to be used in most digital circuits to be im- 
plemented by the gate array with a given utilization 
factor and process complexity. For example, cells 2 

10 of Figures 1a and 1b with eighteen tracks will yield ap- 
proximately 75 to 80 percent usability (i.e., the per- 
cent of transistors to which connection may be made) 
if triple-level metallization is used. However, if the 
number of tracks is reduced to save silicon area, 

15 cross-connections or jumpers in one of the metal lev- 
els may be required, which will in turn reduce usabil- 
ity. 

The example of Figures 1a and 1b is a conven- 
tional result for a cutoff isolation gate array, based on 

20 the above-noted tradeoffs. The power dissipated by 
the transistors is relatively high, however, given the 
large channel width necessary to accommodate the 
metallization tracks; for example, the size of cell 2 is 
45 microns by 2.5 microns when using a modern fab- 

25 rication process. In addition, the arrangement of cells 
2 according to adjacent p-type and n-type transistors 
requires several cells to implement a digital function. 
For example, a two-input NAND function requires 
three cells 2 (or six transistors) for its implementa- 

30 tion, considering the necessary isolation transistors. 
Accordingly, the cell arrangement of Figures 1a and 
1b is quite efficient for circuits which utilize stacked 
inverters, as electrodes 10, 12 are easily connected 
to one another over field oxide 4 therebetween, but 

35 is relatively inefficient for certain realizations, such 
as transmission gate latches. 

Referring now to Figure 2, another conventional 
base cell arrangement utilizing oxide isolation is illu- 
strated, and will now be described for purposes of 

40 background. Cells 20 of Figure 2 are constructed ac- 
cording to CMOS technology, and as such include p- 
type diffused regions 26a through 26c and n-type dif- 
fused regions 28a through 28c. Each cell 20 in this ex- 
ample includes two electrodes 22a, 22b which extend 

45 over both the p-type transistor region and also the n- 
type transistor region; electrode 22a separates dif- 
fused regions 26a, 28a from diffused regions 26b, 
28b, respectively, and electrode 22b separates dif- 
fused regions 26b, 28b from diffused regions 26c, 

so 28c, respectively. According to this embodiment, 
therefore, p-channel and n-channel gates are con- 
nected togeth r in ach cell 20, with each c II 20 in- 
cluding two such gates. Electrodes 22a, 22b each 
have three flags or pads for connection, one at each 

55 end overlying field oxide 24, and one overlying field 
oxide 24 disposed between p-type diffused regions 
26a, 26b, 26c and respectiv n-type diffused regions 
28a, 28b, 28c. Diffused regions 23 are located at 

3 
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each end of cells 20, with n-type diffused region 23n 
within the n-well containing p-typ diffus d regions 
26, and with p-type diffused region 23p within the p- 
well containing n-type diffused regions 28. Overlying 
metal power and ground bus lines (not shown) make 
contact to the wells byway of diffused regions 23, and 
thus provide substrate bias to the transistors in cell 
20. 

Neighboring cells 20 are isolated from one an- 
other, in the example of Figure 2, by field oxide 24 dis- 
posed therebetween. In this example, p-type dif- 
fused region 26c is isolated from p-type diffused re- 
gion 26a in the adjacent cell 20 by field oxide 24 of 
width d|j similarly, n-type diffused region 28c is iso- 
lat d from n-type diffused region 28a in the adjacent 
cell 20 by field oxide 24 of width d t . Accordingly, each 
cell 20 is electrically isolated from adjacent cells by 
field oxide, unless interconnection by way of overly- 
ing metallization (not shown) makes the desired con- 
nection. 

Cells 20 of Figure 2 in this example include both 
vertical and horizontal interconnection tracks (rela- 
tive to Figure 2). For each cell 20, four vertical tracks 
run over the three flags or pads of electrodes 22a, 
22b. Ten horizontal tracks may be implemented in 
cells 20, with three tracks across each of the p-type 
diffused regions 26 and n-type diffused regions 28, 
one track across each of the three flags of electrodes 
22a, 22b. The tenth horizontal wiring track is between 
cells, with half of a track over each of diffused regions 
23 illustrated in Figure 2. Adjacent cells 20 in the vert- 
ical direct ion to those shown in Figure 2 wi II have their 
n-type transistors below their p-type transistors (i.e., 
reversed in the vertical direction from those shown in 
Figure 2), so that the cell immediately below cell 20 
in Figure 2 will have its diffused region 23p at its top, 
shared with diffused region 23p of cell 20. 

As in the case of cells 2 of Figures 1a and 1 b, the 
number of tracks selected in each direction are ac- 
cording to the number of necessary tracks for typical 
gates useful in digital circuits, such as NANDs, 
NORs, and DFFs. Each cell 20 according to this em- 
bodiment of the invention, while including only four 
transistors, is sufficient to realize a two- in put NAND 
function, since no transistors are required for isola- 
tion between cells 20. The oxide isolation structure 
of c lis 20 of Figure 2 has been observed to be very 
fficient in realizing transmission gate latches, but 
very inefficient in implementation of stacked inverter 
type latches and similar circuits. 

Comparison of the base cell architectures of Fig- 
ures 1 a and 1 b, on the one hand, and Figure 2, on the 
other hand, will show that each has significant advan- 
tages and disadvantages relative to the other. The rel- 
ative efficiencies of implementation of stacked inver- 
ter latches and transmission gate latches have b en 
noted above. In addition, the cutoff isolation arrange- 
ment of Figures 1a, 1b allows for close implementa- 
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tion of cells, as no oxide is necessary; the oxide iso- 
lation arrangement of Figure 2 reduces the neces- 
sary transistor width from that of th cutoff isolation 
cell, and thus reduces the power dissipation of the cir- 
5 cuit. 

It is an object of the present invention, however, 
to provide a base cell architecture in which transistors 
with minimum channel width may be used in combin- 
ation with cutoff isolation. 

w It is a further object of the present invention to 

provide such an architecture in which additional tran- 
sistors may be utilized in lieu of cutoff isolation for 
complex multiple-cell gate elements. 

It is a further object of the present invention to 

is provide such an architecture in which the silicon area 
required for isolation is minimized. 

It is a further object of the present invention to 
provide such an architecture that is efficient for both 
stacked inverter and transmission gate style latch re- 

20 alization. 

Other objects and advantages of the present in- 
vention will be apparent to those of ordinary skill in 
the art having reference to the following specification 
together with the drawings. 

25 The present invention may be incorporated into a 

base cell layout for example according to CMOS 
technology, in which four potential transistors per 
conductivity type are made available by way of four 
electrodes over each active region. In the case of a 

30 CMOS implementation, the outer electrodes of the 
four are each separated from their complementary 
counterparts, such that the outer n-channel gate 
electrodes are not connected to the outer p-channel 
gate electrodes. Each of the inner electrodes extend 

35 across both the p-type and n-type active regions, and 
have enlarged flags or pads for interconnection which 
are located at a different vertical location than those 
of the outer electrode pairs. The outer electrode pairs 
allow for the active regions of the cell to be in contact 

40 with active regions of neighboring cells, avoiding the 
necessity of oxide isolation. 

Some embodiments of the invention will now be 
described by way of example and with reference to 
the accompanying drawings in which: 

45 Figures 1 a and 1 b are plan views of a convention- 

al base cell layout. 

Figure 2 is a plan view of another conventional 
base cell layout 

Figure 3 is a plan view of the base cell layout ac- 

50 cording to the preferred embodiment of the invention. 

Figure 4a is a plan view of the base cell layout of 
Figure 3 as used to realize a three-input logic func- 
tion. 

Figure 4b is an electrical diagram, in schematic 
55 form, of the circuit realized in Figure 4a. 

Figure 5a is a plan view of the base cell layout of 
Figure 3 as used to realize a four-input logic function. 
Figure 5b is an electrical diagram, in schematic 

4 



7 



EP 0 609 096 A1 



8 



form, of the circuit realized in Figure 5a. 

Referring now to Figure 3, gate array cell 30 ac- 
cording to the preferr d embodiment of the invention 
will now be described in detail. As in the case of the 
conv ntional base gate array cells 2, 20 described 
her inabove, a gate array integrated circuit utilizing 
cell 30 according to the preferred embodiment of the 
inv nt ion will have many cells 30 , for example from 
two thousand to over five hundred thousand cells 30, 
arranged in a regular pattern over its surface. 

Cell 30 as shown in Figure 3 is illustrated at a 
point in time in its manufacture prior to the formation 
of metallization and interconnection layers thereover, 
but where the transistor elements are defined. Cell 30 
is of the CMOS type, and as such includes the capa- 
bility of forming both p-channel and n-channel MOS 
transistors within its boundaries. Accordingly, cell 30 
includes polysilicon electrodes 32, 34 crossing over 
an active area between field oxide structures 4 to 
form PMOS transistors, and includes electrodes 37, 
39 crossing over another active area between field 
oxide structures 4 to form NMOS transistors. Elec- 
trodes 33, 35 extend over both active areas to form 
complementary PMOS and NMOS transistors with a 
common gate. In cell 30 according to this embodiment 
of the invention, electrodes 33, 35 are located be- 
tween electrodes 32, 34, 37, 39. 

According to this example, where a single-well 
process is used, the active region containing p-type 
diffused regions 36 is at the surface of an n-type well, 
having boundary WB as shown in Figure 3. For pur- 
poses of this description, the term "diffused region" 
is intended to refer to a doped semiconductor region 
or active region, which may be formed by way of con- 
ventional diffusion, ion implantation, or other con- 
ventional techniques for doping semiconductor mate- 
rial. In this example, p-type diffused regions 36a 
through 36e are preferably formed in conventional 
self-aligned manner relative to electrodes 32, 33, 34, 
35. In cell 30, p-type diffused regions 36a, 36b are 
separated by a channel region underlying electrode 

32, p-type diffused regions 36b, 36c are separated by 
a channel region underlying electrode 33, p-type dif- 
fused regions 36c, 36d are separated by a channel re- 
gion underlying electrode 35, and p-type diffused re- 
gions 36d, 36e are separated by a channel region un- 
derlying electrode 34. As such, each of electrodes 32, 

33, 34, 35 are available to serve as a gate electrode 
for a p-channel transistor. 

Similarly, n-channel transistors are also defined 
in cell 30 by electrodes 33, 35, 37, 39 overlying an ac- 
tiv region between field oxide structures 4; in this 
example, where a single well process is used, the ac- 
tive region in which n-channel transistors are formed 
is a p-type surface of the underlying substrate. Of 
course, other conventional CMOS well designs may 
also be used, such as a twin-well proc ss or a proc- 
ess in which the p-channel transistors are f rmed in 



the substrate and where the n-channel transistors 
are formed in a p-type well. N-type diffused regi ns 
38a through 38e are preferably f rmed in convention- 
al self-aligned manner relative to electrodes 33, 35, 

5 37, 39. N-type diffused regions 38a, 38b are separat- 
ed by a channel region underlying electrode 37, n-ty- 
pe diffused regions 38b, 38c are separated by a 
channel region underlying electrode 33, n-type dif- 
fused regions 38c, 38d are separated by a channel re- 

10 gion underlying electrode 35, and n-type diffused re- 
gions 38d, 38e are separated by a channel region un- 
derlying electrode 39. As such, each of electrodes 33, 
35, 37, 39 are available to serve as a gate electrode 
for a n-channel transistor. 

15 As a result of the configuration of cell 30 accord- 

ing to the preferred embodiment of the invention, four 
p-channel transistors and four n-channel transistors 
are available for use in a digital circuit realization. As 
evident from the foregoing description, each of inner 

20 electrodes 33, 35 serve as potential gate electrodes 
for both a p-channel and an n-channel transistor si- 
multaneously, as each of inner electrodes 33, 35 ex- 
tends over field oxide structure between p-type dif- 
fused regions 36 and n-type diffused regions 38. 

25 Electrode 33 has enlarged portions, or flags 43a and 
43c overlying field oxide 4 at its two ends, and flag 
43b overlying field oxide 4 at its center, to which con- 
nection may be made by overlying metallization: 
electrode 35 is similarly constructed, with flags 45a, 

30 45c at its two ends overlying field oxide 4, and with 
flag 45b at its center also overlying field oxide 4. As 
such, cell 30 includes two CMOS transistor pairs with 
common gates. 

In cell 30, however, outer electrodes 32, 34 for the 

35 p-channel transistors are not connected,, at the poly- 
silicon level, to outer electrodes 37, 39 for the n-chan- 
nel transistors. Each outer electrode 32, 34 for the p- 
channel transistors has a pair of flags 42a/42b, 
44a/44b, respectively, overlying field oxide 4 on eith- 

40 er side of the p-channel active regions, to facilitate 
connection thereto; similarly, n-channel transistor 
outer electrodes 37, 39 each have a pair of flags 
47a/47b, 49a/49b overlying field oxide 4 on either 
side of the n-channel active regions. Outer electrode 

45 flags 42a, 44a, 47a, 49a are each disposed further 
from their respective active regions than are flags 
43a, 45a, 43c, 45c, so that separate connection 
thereto may readily be made. 

Diffused regions 31 p, 31 n are disposed outside 

so of field oxide 4, with p-type diffused region 31 p near 
n-type diffused regions 38 and n-type diffused re- 
gion 31 n near p-type diffused regions 36. Diffused 
r gions 31 p, 31 n thus allow connection of power bus 
lines to the well underlying Its adjacent transistors (or 

55 underlying substrate, as th case may be). As such, 
diffused region 31 n will generally be connected to a 
metal conductor (not shown) biased to \Z Mt and dif- 
fused region 31 p will be connected to a metal conduo 
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tor (not shown) that is biased to ground or Vsg. As in 
the case of cell 20, the next adjacent cell to cell 30 in 
the vertical direction preferably has its orientation of 
n-channel to p-channel transistors reversed, so that 
adjacent cells, in the vertical direction, can share dif- 
fused regions 31 p, 31 n. 

According to the present invention, and if avail- 
able in the process technology used to implement cell 
30, it is preferred that diffused regions 31 p, 31 n be 
subjected the well-known self-aligned silicidation 
("saiicide") process. According to the salicide proc- 
ess, a refractory metal such as titanium or tungsten 
is deposited over the integrated circuit after format ion 
of the gate electrodes and source-drain regions, and 
is then heated so that the metal reacts to form a metal 
silicide with the silicon portions of the wafer with 
which it is in contact. The un reacted metal is then re- 
moved, leaving the active regions and gate levels 
clad with the metal silicide, greatly reducing the ser- 
ies resistance of the structures. Cladding of diffused 
regions 31 p, 31 n with a metal silicide allows their use 
as power distribution in the gate array including cells 
30, as the series resistance of diffused regions 31 p, 
31 n will thus be on the order of 5 to 50 ohms per 
square. By using salicided diffused regions 31 p, 31 n 
for power distribution, the number of metallization 
connections required in implementing a digital func- 
tion is greatly reduced, which in turn provides addi- 
tional area that is free of metallization. This allows 
more complex circuits to be realized in cells 30 with 
a given number of metallization levels. 

As a result of the configuration of ceil 30 descri- 
bed above and shown in Figure 3, the isolation tech- 
nique between adjacent cells 30 is cutoff isolation, 
when outer electrodes 32, 34, 37, 39 are biased in 
such fashion. As such, regions 36a, 38a are in contact 
with regions of an adjacent cell (on the left of cell 30 
of Figure 3) corresponding to regions 36e, 38e re- 
spectively; regions 36e, 38e are in contact with re- 
gions of an adjacent cell (on the right of cell 30) cor- 
responding to regions 36a, 38a, respectively. 

Cell 30 according to the present invention pro- 
vides many advantages relative to conventional base 
cells, including those discussed hereinabove relative 
to Figures 1a, 1b and 2. Firstly, in most CMOS proc- 
esses, the required spacing with which contacts to 
polysilicon must be separated from neighboring unre- 
lated (i.e., electrically isolated) polysilicon is general- 
ly less than the minimum field oxide width. As such, 
cutoff isolation techniques generally require less sili- 
con area to implement than does oxide isolation, con- 
sidering the design rules noted abov and also con- 
sidering that the sourc /drain region on the outer 
edges of each ceil are shar d. Celt 30 thus takes ad- 
vantage of the reduced isolation area needs, by pro- 
viding cutoff isolation transistors betw en it and ad- 
jacent cells. However, as evident from Figure 1 , cutoff 
isolation base cells heretofore have not included com- 
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mon gate electrodes for p-chann I and n-channel 
transistors, since cutoff isolation for both transistor 
types is impossible to achieve if the gate electrode is 
in common; by analogy, one transistor is always "on" 

5 in a CMOS inverter with common gate. 

However, cell 30 obtains the benefit of reduced 
silicon area provided by cutoff isolation while still ob- 
taining the benefit of oxide isolation base cells of ef- 
ficient realization of transmission gate style latches 

10 (i.e., complementary transistors with common gate 
electrodes). This additional benefit is provided by in- 
ner electrodes 33, 35, each of which provide the ca- 
pability of common gate p-channel and n-channel 
transistors. 

15 Cell 30 according to the preferred embodiment of 

the invention, utilizing both cutoff transistors and 
complementary common gate transistors as noted 
above, results in significant improvements in the us- 
ability of cells 30 in a gate array, and thus the eff icien- 

20 cy of implementing conventional digital circuit func- 
tions. Relative to the oxide isolation technique shown 
in Figure 2, the width of cell 30, implementing the two 
cutoff transistors (i.e., outer electrodes 32, 34, 37, 
39) is the same (if not reduced); the height of cell 30 

25 is increased by one or two wiring tracks, in order to 
accommodate the additional set of flags. Since tran- 
sistors of both types are available, however, cell 30 
is readily adaptable to implement both stacked inver- 
ter latch types and also transmission gate latch types, 

30 and as a result can implement more functions within 
less silicon area than the conventional cell designs 
discussed above. 

For example, it is contemplated that an individual 
cell 30 may implement up to a three-input NAND f unc- 

35 tion, or up to two two-input NAND circuit equivalents, 
in substantially the same area as a single cell of the 
conventional oxide isolation type (Figure 2). Refer- 
ring now to Figures 4a and 4b, the realization of such 
a three-input NAND in a single one of cell 30 will be 

40 described in detail. Figure 4a illustrates cell 30 as de- 
scribed above together with overlying metallization 
46a through 46g; the schematic diagram of Figure 4b 
illustrates the electrical connection of the cell 30 ele- 
ments to realize this function. As shown in Figures 4a 

45 and 4b, the NAND function is realized with single lev- 
el metallization. Additional signal connections (not 
shown) to the nodes of the NAND function may be 
made in the same metal level, or in additional overly- 
ing levels of metallization making contact to the met- 

so allization illustrated in Figure 4a in the conventional 
manner. 

In the example of Figures 4a and 4b, diffused re- 
gions 31 p, 31 n, as welt as each of the silicon surface 
elements, are clad with a metal silicide film. As such, 
55 diffused region 31 n carries the V dd bias to cell 30, and 
diffused region 31 p carries ground to cell 30. Metal 
conductor 46a connects diffused region 31 n to flag 
44a of electrode 34, and to p-type diffused region 

6 



11 



EP 0 609 096 A1 



12 



36e, by way of contacts through a dielectric there- 
between as is conventional in the art. Metal conduc- 
tor 46b connects diffused region 31 n to p-typ dif- 
fused region 36c, and metal conductor 46c similarly 
connects diffused region 31 n to p-type diffused re- 
gion 36a. On the n-channel side of cell 30, metal con- 
ductor 46f connects the ground bias at diffused re- 
gion 31 p to n-type diffused region 38a, and metal 
conductor 46g connects polys i I icon conductor flag 
49a of electrode 39 and n-type diffused region 38e to 
the ground bias of p-type diffused region 31 p. The 
connection of each of the outlying diffused regions 
36a, 36e, 38a, 38e to V dd or to ground, as the case 
may be, conforms to a preferred macro design con- 
v ntion that facilitates utilization of neighboring cells. 

As a result of metal conductors 46a, 46b, 46f t 
46g, isolation of the NAND function implemented in 
cell 30 from neighboring cells sharing p-type diffused 
regions 36a, 36 e and n-type diffused regions 38a, 
38e is effected. The transistors defined by electrodes 
34 and 39 are held in the off-state by their bias and 
the bias of their adjacent diffused regions 36e, 38e, 
to V dd and ground, respectively; the respective dif- 
fused regions 36d, 38d are thus allowed to be driven 
to any voltage without leakage to neighboring cells. 
Diffused regions 36a, 38a are each used as the 
sources of their respective transistors defined by 
electrodes 32, 37, respectively, and as such are 
biased to V dd and ground, respectively; transistors in 
an adjacent cell will thus not affect or be affected by 
the operation of cell 30. 

The NAND function in this case is defined by the 
remaining interconnections illustrated physically in 
Figure 4a and schematically in Figure 4b. Metal con- 
ductor 46b, as noted above, provides bias of V dd to p- 
type diffused region 36c, which serves as the source 
region to two p-channel transistors defined by the top 
portion of electrodes 33 and 35. Metal conductor 46d 
-interconnects p-type diffused region 36b, p-type dif- 
fused region 36d and n-type diffused region 38d, and 
serves as the output node Q (see Figure 4b) to which 
a metal connection (not shown) may be made, either 
in the same metal level as conductors 46 or in an 
overlying additional metal level, to route the result of 
the NAND function to another cell in the gate array 
circuit. Metal conductor 46e connects electrode 32 to 
electrode 37 to complete the circuit 

Accordingly, the three inputs to the NAND func- 
tion realized in cell 30 of Figure 4a are the A input re- 
ceiv d at either or both of flags 45a, 45c and thus con- 
trolling the complementary transistors having elec- 
trode 35 as their gate, the B input received at either 
or both of flags 43a, 43c and thus controlling the com- 
plementary transist rs having electrode 33 as their 
gate, and the C input rec iv d at either or both of flags 
42a, 47a and thus controlling the complementary 
transistors having electrodes 32, 37, respectively (in- 
terconnected by metal conductor 46e) as their gate. 
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The three p-channel transistors defined by electro- 
des 32, 33, 35 are thus connected in parallel with their 
drains connect d to th utput Q via p-type diffused 
regions 36b, 36d, and the three n-channel transistors 

5 defined by electrodes 35, 33, 37 are connected in ser- 
ies between ground and n-type diffused region 38d. 

As a result, a single cell 30 according to the pre- 
ferred embodiment of the invention readily imple- 
ments a three-input NAND function; one of ordinary 

10 skill in the art would recognize, of course, that a 
three-input NOR function would be implementable in 
cell 30 in a complementary manner relative to the 
NAND of Figures 4a and 4b. Cell 30 is thus able to im- 
plement a more complex function within its boundar- 

15 ies, relative to conventional cells as described herei- 
nabove. For an example of a comparison, given the 
same minimum wiring track width (e.g., 2.5 microns), 
cell 30 may be implemented in silicon area of 30 mi- 
crons (height) by 10 microns (width), or 300 microns 2 . 

20 However, since a single cell 30 can implement a 
three-input NAND, and considering a wide range of 
circuit macros, it has been observed that the average 
silicon area required to implement a two-input NAND 
equivalent function (which is the figure of merit for 

25 this comparison) in cell 30 according to the preferred 
embodiment of the invention is approximately 200 mi- 
crons 2 /gate. Indeed, a two- in put NAND can be real- 
ized in cell 30 either in double-buffered fashion (i.e., 
with two transistors in parallel for each input in each 

30 leg), or without double buffering by merely using the 
cutoff transistors defined by the outer electrodes as 
isolation rather than switching devices. 

In contrast, cell 2 according to the cutoff isolation 
technique described above requires 45 microns 

35 (height) by 2.5 microns (width), and requires three 
cells 2 to implement an actual two-input NAND gate. 
Considering a large range of circuit macros, a two in- 
put NAND equivalent function requires two-and-one- 
half cells 2, resulting in a figure of merit for cell 2 of 

40 280 microns 2 /gate. A single cell 20 according to the 
oxide isolation technique described above is suffi- 
cient to implement an actual two-input NAND (and 
also the circuit equivalent); the size of cell 20 is 25 mi- 
crons (height) by 10 microns (width), resulting in a 

45 250 microns 2 /gate figure of merit. It is therefore evi- 
dent that cell 30 according to the present invention is 
significantly more efficient in implementation of dig- 
ital functions than either of the conventional cell 
types, among its other advantages. 

so Furthermore, relative to the cutoff isolation cell 

(Figures 1a, 1b), the size of the transistors in cell 30 
are reduced, thus reducing the active power dissipa- 
tion and less input load, while still allowing for push- 
pull output drive. Accordingly, the flexibility, utiliza- 

55 tion, and efficiency of cell 30 is much improved over 
either of the conventional types discussed hereina- 
bove. 

Cell 30 according to the preferred embodiment of 
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the invention, while adequate for implementing a rel- 
atively complex small scale integration function such 
as a three-input NAND function as described above, 
may of course be utilized in combination with a neigh- 
boring cell 30 similarly constructed in realizing still 
more complex functions, tn particular, only a portion 
of such a neighboring cell 30 may be necessary for 
some functions, allowing the remainder of the neigh- 
boring cell 30 to be used for a different function. Re- 
ferring now to Figures 5a and 5b, such an implemen- 
tation is illustrated for the example of a four-input 
NAND function implemented in one-and-one-half 
cells 30. 

In the example of Figures 5a, cell 30a and one- 
half of cell 30b are used to implement the four-input 
NAND function schematically illustrated in Figure 5b. 
In this example, the outer electrodes 32*, 37* of cell 
30b as isolation devices for the NAND of cell 30a. This 
realization is accomplished by first level metal con- 
ductor 50a, biased by V dd , which connects diffused 
region 31 n (common to cells 30a, 30b) to alternating 
p-type diffused regions 36 in cell 30a, to center p-ty- 
pe diffused region 36c in cell 30b, and also to elec- 
trode 32'. The V dd bias of p-type diffused region 
36c f in cell 30b allows for the remainder of cell 30b to 
be used for a separate function that is isolated from 
the NAND function. Similarly, on the n-channel side, 
common diffused region 31 p is biased to ground, is 
connected via metal conductor 50e to n-type diffused 
region 38a of cell 30a, and is connected via metal con- 
ductor 50f to center n-type diffused region 38c' and 
lectrode 37' in cell 30b. 

The active portion of the NAND function is imple- 
mented by metal conductor 50b which is connected to 
alternating p-type diffused regions 36b, 36d in cell 
30a, and to n-type diffused region 38e of cell 30a 
(which is shared by cell 30b); metal conductor 50b 
thus serves as the Q output of the NAND function, 
and may be contacted by a metal conductor (not 
shown) for routing of the output to elsewhere in the 
gat array integrated circuit. Gate connection be- 
tween electrodes 32 and 37 is made by metal conduc- 
tor 50c, and gate connection between electrodes 34 
and 39 is made by metal conductor 50d, completing 
the circuit. Connection of the four NAND inputs A, B, 
C, D may be made to the flag portions of their respec- 
tive electrodes 32 (and 37), 33, 35, 34 (and 39) by 
way of metal connections (not shown). 

Similarly as in the case of the three-input NAND 
function described hereinabove, cell 30 according to 
the preferred embodiment of the invention allows for 
efficient implementation of relatively complex func- 
tions. Multipl adjacent c lis 30 may be used in a sin- 
gle function to great advantag , as shown in the ex- 
ample of Figures 5a and 5b, especially by utilizing the 
outer electrode transistors for purposes of isolation, 
which allows the us of only that portion of a cell 30 
in a given function. Furthermore, the transistors r - 



alized in cell 30 according to the present invention are 
reduced in width from those in conventional cutoff 
isolation cells, thus reducing the input loading and 
also the active power dissipation of the circuits, but 

5 without requiring the silicon area necessary for imple- 
menting oxide-isolated cells. 

Also as noted above, the provision of electrodes 
of both common-connection (e.g., inner electrodes 
33, 35) and separate connection (e.g., outer electro- 

10 des 32, 34, 37, 39) enables the implementation of 
latches according to either the stacked inverter type 
or the transmission gate type with equivalent efficien- 
cy. Indeed, latches such as D-type flip-flops have 
been realized using the cell according to the present 

15 invention which include both stacked inverters and 
transmission gates, and as such are quite efficient. 
Such a D-type flip-flop can be realized in as little as 
four cells, arranged in a two- by-two configuration. 
While the invention has been described herein 

20 relative to its preferred embodiment, it is of course 
contemplated that modifications of, and alternatives 
to, this embodiment, such modifications and alterna- 
tives obtaining the advantages and benefits of this in- 
vention, will be apparent to those of ordinary skill in 

25 the art having reference to this specification and its 
drawings. It is contemplated that such modifications 
and alternatives are within the scope of this invention 
as subsequently claimed herein. 

30 

Claims 

1. An integrated circuit, comprising a plurality of re- 
petitively placed cells arranged in an array at a 
35 semiconducting surface of a body, each of said 

cells comprising: 

a first active region of said surface at 
which transistors of a first conductivity type may 
be formed; 

40 a second active region of said surface at 

which transistors of a second conductivity type 
may be formed; 

field oxide disposed at said surface be- 
tween said first and second active regions; 

45 first and second outer electrodes extend- 

ing across said first active region in a first direc- 
tion, each of said first and second outer electro- 
des spaced away from the outer edge of said first 
active region; 

so first and second diffused regions of said 

first conductivity type formed in said first active 
region b tween the outer edge of said first active 
region and said first and s cond outer electro- 
des, resp ctively; 

55 third and fourth out r electrodes extend- 

ing across said second active region in said first 
direction, ach of said third and fourth outer elec- 
trodes spac d away from the outer edge of said 
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second active region; 

third and fourth diffused regions of said 
second conductivity type formed in said second 
active region between the outer edge of said sec- 
ond active region and said third and fourth outer s 
electrodes, respectively; and 

a first inner electrode extending across 
both said first and second active regions in said 
first direction, and disposed between said first 
and second outer electrodes in said first active 10 
region, and disposed between said third and 
fourth outer electrodes in said second active re- 
gion. 

2. The integrated circuit of claim 1 , further compris- 15 
ing: 

a second inner electrode extending across 
both said first and second active regions in said 
first direction, and disposed between said first 
and second outer electrodes in said first active 20 
region, and disposed between said third and 
fourth outer electrodes in said second active re- 
gion. 

3. The integrated circuit of claim 1, wherein said 25 
first, second, third and fourth outer electrodes 
each comprise an enlarged portion at each of its 

nds, each of said enlarged portions overlying 
field oxide disposed at said semiconducting sur- 
face. 30 

4. The integrated circuit of clai m 3, wherein each of 
said first, second, third and fourth outer electro- 
des comprise polysilicon. 

35 

5. The integrated circuit of claim 1 , wherein said first 
inner electrode comprises first and second en- 
larged portions at its ends, said first enlarged 
portion overlying field oxide disposed at said 
semiconductor surface adjacent said first active 40 
region, and said second enlarged portion overly- 
ing field oxide disposed at said semiconductor 
surface adjacent said second active region. 

6. The integrated circuit of claim 5, wherein said first 45 
inner electrode further comprises a central en- 
larged portion overlying said field oxide disposed 
between said first and second active regions. 

7. The integrated circuitof claims, wherein saidfirst so 
and second outer electrodes each comprise an 
enlarged portion at one of its ends overlying field 
oxide disposed at said semiconducting surface 

on the side of said first active region away from 
said second active region. 55 

8. The integrated circuit of claim 7, wherein said first 
enlarged portion of said first inn r electrode is 



disposed nearer said first active region than the 
enlarged portions of said first and second outer 
electrodes. 

9. The integrated circuit of claim 1 , further compris- 
ing: 

a first diffused conductor extending in a 
second direction and disposed at said semicon- 
ducting surface; and 

a second diffused conductor extending in 
said second direction overf ield oxide disposed at 
said semiconducting surface; 

wherein said first and second active re- 
gions are disposed between said first and sec- 
ond diffused conductors. 

1 0. The integrated circuit of claim 9, wherein said first 
and second diffused conductors of adjacent 
ones of said cells are connected together. 

11. An integrated circuit, comprising a plurality of re- 
petitively placed cells arranged in an array at a 
semiconducting surface of a body with which 
complementary MOS circuits may be realized, 
each of said cells comprising: 

a plurality of p-type diffused regions dis- 
posed at said surface; 

a first outer electrode extending in a first 
direction between first and second ones of said 
plurality of p-type diffused regions, said first one 
of said plurality of p-type diffused regions ex- 
tending to the edge of said cell; 

a second outer electrode extending in said 
first direction between third and fourth ones of 
said plurality of p-type diffused regions, said 
fourth one of said plurality of p-type diffused re- 
gions extending to the edge of said cell; 

a plurality of n-type diffused regions dis- 
posed at said surface; 

a third outer electrode extending in said 
first direction between first and second ones of 
said plurality of n-type diffused regions, said first 
one of said plurality of n-type diffused regions 
extending to the edge of said cell; 

a fourth outer electrode extending in said 
first direction between third and fourth ones of 
said plurality of n-type diffused regions, said 
fourth one of said plurality of n-type diffused re- 
gions extending to the edge of said cell; 

field oxide disposed at said surface be- 
tween said pluralities of p-type and n-type dif- 
fused regions; 

a first inner electrode extending in said 
first direction between said first and second out- 
er electrodes, and between said third and fourth 
outer electrodes, said first inn r electrode serv- 
ing as a gate between a pair of said plurality of p- 
type diffused regions and as a gate between a 
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pair of said -plurality of n-type diffused regions. 

12. The int grated circuit of claim 11 , further com- 
prising: 

a second inner electrode extending in said 
first direction between said first and second out- 
er electrodes, and between said third and fourth 
outer electrodes, said second inner electrode 
serving as a gate between a pair of said plurality 
of p-type diffused regions and as a gate between 
-a pair of said plurality of n-type diffused regions. 

13. The integrated circuit of claim 11, further com- 
prising: 

an n-type doped conductor extending in a 
second direction and disposed at said surface at 
the edge of said cell near said plurality of p-type 
diffused regions; and 

a p-type doped conductor extending in 
said second direction and disposed at the edge 
of said cell near said plurality of n-type diffused 
regions. 

14. The integrated circuit of claim 11, wherein said 
first second, third and fourth outer electrodes 
comprise polysilicon. 

15. The integrated circuit of claim 14, wherein said 
first inner electrode comprises polysilicon. 

16. The integrated circuit of claim 15, further com- 
prising: 

a plurality of metal conductors, each in 
contact with a selected one of said outer conduc- 
tors and a selected one of said diffused regions. 

17. The integrated circuit of claim 11 , wherein each of 
said first and second outer electrodes comprise 
an enlarged pad at an end thereof, and overlying 
field oxide disposed at said surface at a location 
on the opposite side of said p-type diffused re- 
gions from said n-type diffused regions; 

wherein each of said third and fourth outer 
electrodes comprise an enlarged pad at an end 
thereof, and overlying field oxide disposed at 
said surface at a location on the opposite side of 
said n-type diffused regions from said p-type dif- 
fused regions. 

18. The integrated circuit of claim 17, wherein said 
first inner electrode comprises first and second 
enlarged pads at first and second ends thereof 
ov rlying field oxide disposed at said surface; 

wherein said first enlarged pad of said first 
inner electrode is disposed nearer said plurality 
of p-type diffused regions than said enlarged 
pads of said first and second outer electrodes; 

and wherein said second enlarged pad of 



said first inner electrode is disposed nearer said 
plurality of p-type diffused regions than said en- 
larged pads of said first and second outer elec- 
trodes. 
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